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VISAR: 2% Minutes for Data Reduction
Willard F. Hemsing

Detonation Systems, Los Alamos National Laboratory
P. 0. Box 1663, MS P350, Los Alamos, MM 87545

Abstract

Starting with a pair of signals obta‘ned by electronically subtracting photodetector ourputs from any
VISAR, 1t is possible to plot velocity vs time, velocity vs distance, and distance vs time in 24 min using an
LSI-11/23 computer. This includes time for six iterations of time shift with the resuiting polar plots and
optrator interactions. The velocity calculating algorithm and 4 flow chart of the computer program are pre-
sented.

Introduction

VISAR data reduction fs the extraction of .elocity information from signals recorded during an experimental
event. A variety of data reduction systems exist that require considerable time, training, and great skill to
use.

Presanted here is a simple data reduction method for use on a small computer that only requires two data
channels, can be learned and applied in minutes, and requires less than three minutes to run.

Although its great simplicity suggests a loss of versatility, compromised accuracy, or reduced sathematical
rigor, the opposite is true. For example, the undesirable practice of taking the difference betwean two
experimental measurements is roplaced hare by a sensitive nulling technique at VISAR setup. The ratic of
experimental measuramenis, the quotient of the two signals, is then used for data reduction.

For brevity, this paper will only discuss unique features of this method The necessary signal acquisi-
tion, calibration, and recording will be omitted,

Fiqure 1 is an oscilloscope photograph of a complete VISAR record suftable for data reduction using this
method, Its two signals result from electronic subtraction within the two pairs of signals fros a push-pull
VISAR,! or from subtracting the monitor from each of the two data signals of a three photodetector? vISAR.
Although the subtraction could be done after recording, *t*is would waste one data recording channel and gyreat-
ly romplicate the data reduction process,

Figure 1. Complete VISAR record with two signals and their time calibration marks
Data reduction

This data-reduction method {s characterited by two unique features: a polar plot that heips diaghose
stygnal detscts and a4 simple angle calculating algorithm that uses the arctangent.

VISAR wiygnal discussion

[doally, VISAR oignals are squal in amplitude and have a 90% phase ditfereice  tor this two data channe!
method, one signal is then Tike the sine of an angie;, the other Jike the costne,  Reth signals oscillate about
tern

the quotient of these fuval signals fs, therefore, Lhe tangent of an angle that (s proportional to the
velncity being measured. Here (t i unly necessary to take Lhe arcltangent, account for multiple fringes, and
multiply by the frings constant to calculate the velocity,

Although experimental data stgnals are not usually perfect, {1 ts possible to detect and compensate for
several common defects Stgnats may be unequel n amplitude, be offset from seru, have other than a0® phave
difference, ar not b, synchrot 1yed in time
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Polar plot

When the sines of all the angles from 0° through 360° are plotted vs their cosines, the result i- of
course, a circle. This is analogous to a polar (or X-Y) plot of two ideal VISAR signals for one fr: ». If

the signals nave equal amplitudes and differ in phase by 90°, then they will give one complete circle for each
fringe.

This polar plot can be compared to the well-known Lissajous figures as used in electronics to m.asure the
phase and ampilitude relations between two signals. For VISAR signals, however, the signal amplitudes are not
constant. This reduces its precision, but for signals with several fringes certain defects are clearly dis-
played by the polar plot,

For example, if the signals are of unequal amplitude, the polar plot will show an elliptical shape with
major axis fixed vertically or horizontally. Of course, this defect is visible in the data traces also.

The polar plot will show an elliptical shape, bu® with an inciined axis for signal. with other than a 90°
phase difference. This is difficult to ses vxcept in a polar plot.

Offset zero, in either or both signals, is very easy to identify because the origin is plotted off-center
This origin is determined from the zero light levels recorded on both traces before liser turn-on

Time synchronization ervors cause an elliptica: shape with a rotating axis. FiuL.er rotation reverses as
the ellipse degenerates to a straight line,

Information displayed by the polar plot can be used in a variety of ways to eliminate the effects of signal
defects. After many shots, we have develop2d a practical system for its use.

Corrective interactions using the polar plot

Because the amplitude ratio is masy to adjust properly in setup, and because data reduction is insensitive
to modesc errors in it, it is practical to estimate the correctiun factor by inspecti.un of the pnlar plot.
Similar reasoning applies to the phase difference. Thus we allow for changes in efther to be § out by the
cata analyst. Corrections here, though, are very infrequent

Offset zero errors are corracted manually by translating the origin just after the polar plot {s completed.
This operator interaction is quick and simple, when needed.

Time synchronization errors are minimized by smlecting the bast one of six polar plots. These are plotted
automatically each shot with very smal) relative time shifts between the two signals each iteration. When
none is clearly best, the one with no intentional _hift with respect to the time fiduclals ts picked.

Although the choice fs sametimes subjective, the use of this systom effectively allows more productive use
of expensive data recording channels, The alternative is to use more recorders, sweeping ‘aster, to provide
better time resolution. The resulting increased cost fs justified in some experiments

Angle calculating algorithm using arctangent

Fven though ths arctangent can bhe used directly with fdeal signals, §t {, much more practical to use
equation (1) with real signals to allow foi zero offsat corrections, the possibility ef unequal sfgnal ampli-
tudes, or phase difterences othsr than 90°

N (DF(L)=2) 1 4
V(L) - K tan K, e e — = COU (1)
(D1CL)-Y) stnp 9

Here V(t) Is the veloctty al time t, K is the fringe contant in velocityZangle, Ky fs the amplitude ratfo
of the two signals, 01(L) and D2(t) are the stgnal values at time t, X and Y are the rero offsst corrections,
and s the phase differences,

Observe that this sguatfor complisments use of the polar plot.  Origla translation conrdinates obtained from
the polar plot, when needed, are simply subtracted from their respective signals The polar plot provides

graphic measurement of the amplitude ratyo, Ky, uned in this equatton  Any departure from the fdeal valoe of
1O cai be fuput by the aperator Similarly, the polar plot displays and factlitates corrections of the phase
diftorence, | Thus, 411 constants needed for caloulating velocity can be checked, and usually corrected ¢f

necessary, using the polar plot,

The remair 1ng unknowns are simply  he two aignals DICEY and D2 (L)Y Velo tty catiulattons repstetive 'y use
the arctangent tn a compuls algorithh for each inntant in Cime where data are taken



It is possible to .implify the algorithm by a rearrangement of the terms of equation (1):

V(t) - Ky (D2(t)-X) - (DL(t)-Y)casp * (..)
—— = tan <
K (DL(t)-Y) siny o

To facilitate computer calculations with discrete time steps, it is convenient to replace the times, t, by
array subscripts, 1, representing integers counting eacr data roint recorded. Time data are in another array
with matching subscripts

V(1) N K, (D2(1)-X) - (01(1)-Y) cosk ! 0
—— s tan

K (D1(1)-Y) sing

]

Here the numerator and denominator can be considered similar to the sine and cosine, respectively, for the
case where § = 90°.

This provides important benefits. The n x 180° ambiguity of the arctangent is increased to n x 360° (by
use of the sign of the sine and cosine). Accounting for mu'tiple, whole fringes is simpiiried. Thus, only
one valid data point {s needed for every two consecutive quadrants to properly count whole fringec, even with
acceleration and deceleration

Figure 2 shows a diagram of this algcrithm, Including remarks, it takes 32 program lines to calculat® nd
accumulete the angle from zero. It automatically accounts for multiple fringes, even with acceleration and
deceleration. This includes any origin trans)atiun, amplitude ratio and phase difference corvections made. Mo
other accounting is needed for partial fringes, peaks, valleys, etc. The velocity fs simply this angle times
Lthe fringe constant
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Pigare 2 Diagram of VISAR angle cateulating algorithm. [t determines uniqie angle over
futl 160" ant automattcatty accounts for multiple fringes, even with atceleration
or deceleration
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VISAR data-reduction flow chart

The flow chart of Figure 3 is included to illustrate the overall simplicity of our data-reduction program.
It is assumed that the data input for reduction consists of two time calibrated signals, with their respective
zero light levels, and their early fiducials set to an arbitrary zero time,

After permitting operator seiections from a menu, the program begins by making six polar plots. The opera-

tor thex selects the one with no time shift, or one that displays a more circular shape.

"hat plot is then replotted to a large scale to permit operator translation of the origin, if necessary.
The origin is initially plotted at the zero light level from the input data.

Calculation and plotting the three separate graphs then takes approximately 1 min, including velocity vs
time, time vs distance, ancd velocity vs distance.

At this point, the operator 1s given a menu of choices to allow chaiges, fringe additions, etc. 'With high-
quality signals, it only takes 24 min per shct to read data from a fiuppy disk until the results are plotted

Menu: Operator may input ampl: tude
ratio, phase ditference, add fringes
or continue at A, B, C, or D.

A —————=[Read data for new shot |

Plot data of nne sianal vs other
signal to get polar plot

Shift relative times slightly
Move to new plotting area
Repeat plotting 6 times,
Bperator must plck fjiiJ
p'ot or Lhe one without

time shift

B ——————{ Replot with selected time
shift to large scale

“Bperator may transiate
orfgin 1f necessary

i 1
¢ =~ =1 Calculate and sccumulate
angle using algorithm

Multiply ang.e by fringe constaﬁ?]

to get velocity. (lse trape/oidal
integration to get distance

—_ 1
D - -{ Plot velocity vs time |

[Plat di<tance vs time ]
[PTat veToc Tty we alstance ]
MRS P h
(B0 To_menu]

Figure ). Flow chart of VISAR data raduction progrem,  [ts oxecut ton
takes approximately 24 min per shot on L41-11/23 computer

Cone tus ton
Starting from two YI5AR signals, 1L 1 possible to calculate the vel.city Mistory and plot the results in
2y min Mathematica) rigor, accuracy, dand versatility are not sacrificed,
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